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Timing Error: Wnat & Why

Timing Error
Amplitude

The displacement (in time) of a distinct hydrologic

feature (e.g., flow peaks) in streamflow z
predictions - prediction
Why Timing Error Assessment .
o . . -~ Time
Timing & amplitude errors are different by nature Timing
error

Distinct information on timing & amplitude uncertainty is

important for:

Model evaluation: more meaningful error statistics

Model diagnosis: distinct sources of uncertainty

Decision support: effective responses, efficient uses of resources
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Assessing Timing Errors

Challenges

Need to account for scale- & time-dependencies of timing errors
Need to identify distinct features, e.g., event peaks

Need sufficient data to reduce sampling uncertainty

Potential Approaches

Wavelet analysis /\

Q/ Cross wavelet transform for timing error analysis

wavelet transform for event identification g ‘ | ‘ | v

Other approaches 4
Curve registration, landmark registration

Dynamic time warping

Windowed Fourier analysis?
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Continuous Wavelet Transform (CWT)

Convolution of a discrete sequence x(t) with a scaled and translated version of a
mother wavelet ¥

W (scale, position) = J. x(t)y, (scale, position)dt
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Constituent wavelets at different times and scales

Signal W
Wavelet

Transform
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Cross Wavelet Transform (XWT)

XWT of two time series Z, and Z,:

Imaginary
WZIZZ :I/I/Zq/[/'zz>X< 4 Z=X+1y
,1“
CWT of Z, / N CWT of Z,| * complex conjugate
Cross wavelet power ‘W 2122 0
‘W Z\Z,
Cross Wavelet coherence T -y
U U

Phase relationship
Timing error
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Choosing a Motner Wavelet

Factors to consider

Continuous or discrete Width of wavelet function

Real or complex Shape of wavelet function

Complex Morlet Wavelet

Widely used 1
Good balance between time & frequency resolution ;.| O _irfalgmaw ]
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Basin Area Pre'?:liqpni:ailion TIF?:AI:O

km® 1 (mm) (hr)
1 | QLAT2 197 793 12
2 | SDAT2 285 1103 17
3 | MCKT2 427 800 14
4 | MTPT2 435 1126 17
5 LYNT2 508 858 18
6 | SKMT2 640 712 12
7 | MDST2 870 933 21
8 | SBMT2 896 934 26
9 | SCDT2 932 845 14
10 | REFT2 1787 748 39
11 | UVAT2 1981 515 13

The 11 headwater study basins in Texas
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~ 10 years of hourly streamflow observation and

simulation data in each basin
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Testing XWT on Synthetic Tirming Error

Observation & Synthetic Simulation 600 —
600 500+ sim 4
obs
sim 400+
4007 ] True TE =5 hrs
300}
200+ 200+
K‘K / 100}
0 \‘ N S TN . N\ 0 ‘ ‘
0 200 4OUO 800 1000 1200 1400 1600 1800 450 500 550 600

1 XWT

Timing Error Spectrum
4 2 0 2 4 6 g0 200 400 600 800 1000 1200 1400 1600 1800

Time (hrs)

. i

[ I | | | | | | ° / ° E
2 { | | il
5 . |'I Iuh_w_wd’ ‘ﬂill ||l} | lIUI“ |r$JIW Jl‘ ﬁ—vav ~ \ :
9 8 o
S 16} —  ‘true’TE 1y =
R 728 —— time-averaged TE 0
64

— scale-averaged TE =

f 0 10
28] Edge (50 - 150 hrs) E

200 400 600 800 1000 1200 1400 1600 effects/,, || ‘ ‘ ‘ ‘ ‘ 2

0 50 100 150 200 250

@5"\ Time (hrs) Scale (hrs)

s =
v UCAR %,% RIV E;";, DE Yugiong.Liu@noaa.gov 5/6/2010 8



Sl

te Carlo S

mulations

Histograms of AT (Estimated TE — True TE)

- 9 <9 m l
— % . 7 “
[esting witn Von
Event #1
200 300
Edge effects
8 150
a 200
[&]
S 100
3
g 100
2 50
0
-2 0 2 -1
ATE (hours)
Event #5
400 250
2 300 200
@
%’200 Multi-peak 150
% event 100
>
3 100 50
0 - 0
-5 0 5 10 4
ATE (hours)

Event #2

0 1
ATE (hours)

Event #6

Multi-peak event

ATE (hours)

250

200

150

100

50

0

250

200

of

—~

Synth

Event #3 Event #4
250
200
150
100
50
0

-1 0 1 -1 0 1
ATE (hours) ATE (hours)
Event #7 Event #8
400 .
Multi-peak event
300 Edge effqgts

150

100

50

-1 0 1

ATE (hours)

200

100

0
-10 0

10
ATE (hours)

atl

T

(1

C

v' For each simulation, different TE for different events, constant TE within each event

v'1000 MC synthetic simulations generated by applying (to obs) TEs randomly sampled from [-25 +25] hrs.
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Applying XWT to Real Streamflow Sirmulations

Scale (hrs)

-
o 0o A~ N -

D W
AN

128

Cross Wavelet Power

Observed and

Tirﬁing Er‘ror Esfimate& for AI‘I Evenfs in EaEh Basﬁn

20

SN
——
+

Timing error (hrs)
- 3
T

|

20 (197) (640) (1981) (427) (932) (435) (28 (508)  (870)

At Peak Time Timing Error Spectrum 200 Simulated Flow
obs
150 sim
] ] sim. ad.
Scale - | TE
’ “ | ey 00
------ 50
. . . - 0 / . ) S
0 50 100 150 200 200 400 600 800 450 500 550 600
Wavelet Power Time (hrs) Time (hrs)
30

_ Tﬁ
1
I

(896)  (1787)4— Basin size (km?)

(25 (120 (63) (41) (3.0) (49 (27) (25 (64 (50 (4.5 «— Ave. flow (cms)
QLAT2 SKMT2 UVAT2 MCKT2 SCDT2 MTPT2 SDAT2 LYNT2 MDST2 SBMT2 REFT2

12 12 13 14 14 17 17 18 21
Time to peak (hrs)

o

Sz
AN RIVERSIDE Y

UCAR

26 39

ugiong.Liu@noaa.gov



Timing Adjustment
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Based on Estirm

ited Timing Errors
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sSurmrnary & Future Work

Timing Errors

Different from amplitude errors by nature and
should be distinguished in model evaluation and S
decision support Amplitude

XWT-based Timing Error Analysis 8

Holds large potential for quantifying timing errors in prediction
streamflow prediction

More reliable for single-peak rather than multi-peak events 4—» Time

Can lead to effective timing adjustment Z::c]:‘g

Future work

Extend to ensemble streamflow prediction

Incorporate into applications of model evaluation & diagnosis, forecast
verification, data assimilation, real-time forecasting ...
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